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(54) Wave antenna wireless communication device

(57) A wireless communication device coupled to a
wave antenna that provides greater increased durability
and impedance matching. The wave antenna is a con-
ductor that is bent, relatively sharply or in a curved fash-
ion, in alternating sections to form peaks and valleys.
The wireless communication device is coupled to the
wave antenna to provide wireless communication with
other communication devices, such as an interrogation
reader. The wireless communication device and wave
antenna may be placed on objects, goods, or other arti-

cles of manufacture that are subject to forces such that
the wave antenna may be stretched or compressed dur-
ing the manufacture and/or use of such object, good or
article of manufacture. The wave antenna, because of
its bent structure, is capable of stretching and compress-
ing more easily than other structures, reducing the wire-
less communication device’s susceptibility to damage or
breaks that might render the wireless communication de-
vice coupled to the wave antenna unable to properly com-
municate information wirelessly.
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Description

�[0001] The present invention relates to a wave antenna
coupled to a wireless communication device so that the
wireless communication device can wirelessly commu-
nicate information.
�[0002] Wireless communication devices are common-
ly used today to wirelessly communicate information
about goods. For example, transponders may be at-
tached to goods during their manufacture, transport
and/or distribution to provide information, such as the
good’s identification number, expiration date, date of
manufacture or "born on" date, lot number, and the like.
The transponder allows this information to be obtained
unobtrusively using wireless communication without
slowing down the manufacturing, transportation, and/or
distribution process.
�[0003] Some goods involve environmental factors that
are critical to their manufacture and/or intended opera-
tion. An example of such a good is a vehicle tyre. It may
be desirable to place a wireless communication device
in a tyre so that information regarding the tyre, such as
a tyre’s identification, pressure; temperature, and other
environmental information, can be wirelessly communi-
cated to an interrogation reader during the tyre’s manu-
facture and/or use.
�[0004] Tyre pressure monitoring may be particularly
important since the pressure in a tyre governs its proper
operation and safety in use. For example, too little pres-
sure in a tyre during its use can cause a tyre to be dam-
aged by the weight of a vehicle supported by the tyre.
Too much pressure can cause a tyre to rupture. Tyre
pressure must be tested during the manufacturing proc-
ess to ensure that the tyre meets intended design spec-
ifications. The tyre pressure should also be within a cer-
tain pressure limits during use in order to avoid danger-
ous conditions. Knowledge of the tyre pressure during
the operation of a vehicle can be used to inform an op-
erator and/or vehicle system that a tyre has a dangerous
pressure condition. The vehicle may indicate a pressure
condition by generating an alarm or warning signal to the
operator of the vehicle.
�[0005] During the manufacturing process of a tyre, the
rubber material comprising the vehicle tyre is violently
stretched during its manufacture before taking final
shape. Wireless communication devices placed inside
tyres during their manufacture would have to be able to
withstand this stretching and compression and still be
able to operate properly after the completion of the tyre’s
manufacture. Since wireless communication devices are
typically radio-�frequency communication devices, an an-
tenna must be coupled to the wireless communication
device for communication. This antenna and wireless
communication device combination could be placed in
the inside of the tyre along its inner wall or inside the
rubber of tyre for example. This would result in stretching
and compression of the wireless communication device
and antenna whenever the tyre is stretched and com-

pressed. Such an antenna could be stretched and sub-
sequently damaged or broken thereby either disconnect-
ing the wireless communication device from an antenna
or changing the length of the antenna, which changes
the operating frequency of the antenna. In either case,
the wireless communication device could be unable to
communicate properly when the antenna is damaged or
broken.
�[0006] The present invention relates to a wave antenna
that is coupled to a wireless communication device, such
as a transponder, to wirelessly communicate information.
The wave antenna is formed through a series of alternat-
ing bends in a substantially straight conductor, such as
a wire, to form at least two different sections wherein at
least one section of the conductor is bent at an angle of
less than 180 degrees with respect to the other. The wave
antenna may be shaped in the form of a sinusoid to form
a sinusoidal-�shaped wave antenna or a semi- �circle to
form a semi-�circle-�shaped wave antenna. The wave an-
tenna is formed by a curve placed in a substantially
straight conductor to form at least two different sections
wherein at least one section of the conductor is curved
at an angle of less than 180 degrees with respect to the
other.
�[0007] The invention provides a wave antenna which
is bent to form at least one peak or valley, preferably a
series of peaks and valleys. The sections defining the
peaks or valleys may be curved or straight. The wave
antenna may be sinusoidal, or may have semi- �circular
peaks and valleys, or may be of sawtooth form. A con-
figuration with straight limbs, which may be substantially
parallel to each other, joined at alternate ends by sub-
stantially semi- �circular portions, to form the peaks and
valleys, is particularly advantageous.
�[0008] A wave antenna is capable of stretching when
subjected to a force without being damaged. A wave an-
tenna can also provide improved impedance matching
capability between the antenna and a wireless commu-
nication device because of the reactive interaction be-
tween different sections of the antenna conductor. In gen-
eral, varying the characteristics of the conductor wire of
the wave antenna, such as diameter, the angle of the
bends, the lengths of the sections formed by the bends,
and the type of conductor wire, will modify the cross cou-
pling and, hence, the impedance of the wave antenna.
�[0009] The invention provides an antenna for a wire-
less communication device that can withstand a force,
such as stretching or compression, and not be suscep-
tible to damage or a break. In this manner, a high level
of operability can be achieved with wireless communica-
tion devices coupled to antennas for applications where
a force is placed on the antenna. The wave antenna can
also provide improved impedance matching capability
between the antenna and a wireless communication de-
vice because of the reactive interaction between different
sections of the antenna conductor. In general, varying
the characteristics of the conductor wire of the wave an-
tenna, such as diameter, the angle of the curves, the
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lengths of the sections formed by the curves, the period,
phase, and/or amplitude of the sinusoid, and the type of
conductor wire, will modify the cross coupling and, hence,
the impedance of the wave antenna.
�[0010] In a first wave antenna embodiment, a wireless
communication device is coupled to a single conductor
wave antenna to form a monopole wave antenna.
�[0011] In a second wave antenna embodiment, a wire-
less communication device is coupled to two conductor
wave antennas to form a dipole wave antenna.
�[0012] In a third wave antenna embodiment, a dipole
wave antenna is comprised out of conductors having dif-
ferent sections having different lengths. The first section
is coupled to the wireless communication device and
forms a first antenna having a first operating frequency.
The second section is coupled to the first section and
forms a second antenna having a second operating fre-
quency. The wireless communication device is capable
of communicating at each of these two frequencies
formed by the first antenna and the second antenna.
�[0013] In a fourth wave antenna embodiment, a dipole
wave antenna is comprised out of conductive sections
having different amplitudes. A first section, having a first
amplitude, is coupled to the wireless communication de-
vice and forms a first antenna having a first operating
frequency. The second section, having a second ampli-
tude different from the amplitude of the first section, is
coupled to the first section to form a second antenna
having a second operating frequency. The wireless com-
munication device is capable of communicating at each
of these two frequencies formed by the first antenna and
the second antenna. Each pole of the wave antenna is
symmetrical.
�[0014] In a fifth wave antenna embodiment, an asym-
metrical dipole wave antenna is comprised out of con-
ductive sections having different amplitudes. A first con-
ductor, having a first amplitude, is coupled to the wireless
communication device to form one pole of the dipole
wave antenna. The second conductor, having a second
amplitude different from the amplitude of the first pole, is
coupled to the wireless communication device to form
the second pole of the dipole wave antenna.
�[0015] In a sixth wave antenna embodiment, an asym-
metrical dipole wave antenna is comprised out of con-
ductive sections having different lengths. A first conduc-
tor, having a first length, is coupled to the wireless com-
munication device to form one pole of the dipole wave
antenna. The second conductor, having a second length
different from the length of the first pole, is coupled to the
wireless communication device to form the second pole
of the dipole wave antenna.
�[0016] In a seventh wave antenna embodiment, a res-
onating conductor is additionally coupled to the wireless
communication device to provide a second antenna op-
erating at a second operating frequency. The resonating
ring may also act as a stress relief for force placed on
the wave antenna so that such force is not placed on the
wireless communication device.

�[0017] In another embodiment, the wireless commu-
nication device is coupled to a wave antenna and is
placed inside a tyre so that information can be wirelessly
communicated from the tyre to an interrogation reader.
The wave antenna is capable of stretching and com-
pressing, without being damaged, as the tyre is stretched
and compressed during its manufacture and pressuriza-
tion during use on a vehicle.
�[0018] In another embodiment, the interrogation read-
er determines the pressure inside a tyre by the response
from a wireless communication device coupled to a wave
antenna placed inside the tyre. When the tyre and, there-
fore, the wave antenna stretch to a certain length indic-
ative that the tyre is at a certain threshold pressure, the
length of the antenna will be at the operating frequency
of the interrogation reader so that the wireless commu-
nication device is capable of responding to the interro-
gation reader.
�[0019] In another embodiment, a method of manufac-
ture is disclosed on one method of manufacturing the
wave antenna out of a straight conductor and attaching
wireless communication devices to the wave antenna.
The uncut string of wireless communication devices and
wave antennas form one continuous strip that can be
wound on a reel and later unwound, cut and applied to
a good, object, or article of manufacture.
�[0020] Ways of carrying out the invention will now be
described in detail, by way of example, with reference to
the accompanying drawings, in which:�

Figure 1 is a schematic diagram of an interrogation
reader and wireless communication device system
that may be used with the present invention;

Figure 2A is a schematic diagram of a monopole
wave antenna coupled to a wireless communication
device for wireless communications;

Figure 2B is a schematic diagram of a dipole wave
antenna coupled to a wireless communication de-
vice for wireless communications;

Figure 3 is a schematic diagram of a dipole wave
antenna coupled to a wireless communication de-
vice wherein a first portion of the wave antenna op-
erates at a first frequency and a second portion of
the wave antenna coupled to the first portion oper-
ates at a second frequency;

Figure 4A is a schematic diagram of a wave antenna
and a ring resonator both coupled to a wireless com-
munication device wherein the wave antenna oper-
ates at a first frequency and the ring resonator op-
erates at a second frequency;

Figure 4B is a schematic diagram of the wave an-
tenna and a ring resonator as illustrated in Figure
4A, except that the ring resonator is additionally me-
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chanically coupled to the wave antenna as a me-
chanical stress relief;

Figure 4C is a schematic diagram of an alternative
embodiment to Figure 4B;

Figure 5A is a schematic diagram of another embod-
iment of a wave antenna and wireless communica-
tion device;

Figure 5B is a schematic diagram of a compressed
version of the wave antenna illustrated in Figure 5A;

Figure 6A is a schematic diagram of a monopole
sinusoidal-�shaped wave antenna coupled to a wire-
less communication device for wireless communica-
tions;

Figure 6B is a schematic diagram of a dipole sinu-
soidal-�shaped wave antenna coupled to a wireless
communication device for wireless communications;

Figure 6C is a schematic diagram of a monopole
semi-�circle- �shaped wave antenna coupled to a wire-
less communication device for wireless communica-
tions;

Figure 6D is a schematic diagram of a dipole semi-
circle- �shaped wave antenna coupled to a wireless
communication device for wireless communications;

Figure 7 is a schematic diagram of a dipole sinusoi-
dal- �shaped wave antenna coupled to a wireless
communication device wherein a first portion of the
sinusoidal-�shaped wave antenna operates at a first
frequency and a second portion of the sinusoidal-
shaped wave antenna coupled to the first portion op-
erates at a second frequency;

Figure 8A is a schematic diagram of a dipole sinu-
soidal-�shaped wave antenna coupled to a wireless
communication device for wireless communications
wherein each sinusoidal- �shaped pole conductor
comprises two sections each having different ampli-
tudes;

Figure 8B is a schematic diagram of a dipole sinu-
soidal-�shaped wave antenna coupled to a wireless
communication device for wireless communications
wherein one sinusoidal-�shaped pole conductor has
an amplitude larger than the other sinusoidal-�shaped
pole conductor;

Figure 8C is a schematic diagram of a dipole sinu-
soidal-�shaped wave antenna coupled to a wireless
communication device for wireless communications
wherein one sinusoidal- �shaped pole conductor is
longer than the other sinusoidal-�shaped pole con-

ductor,

Figure 8D is a schematic diagram of a dipole semi-
circle- �shaped wave antenna coupled to a wireless
communication device for wireless communications
wherein each semi-�circle- �shaped pole conductor
comprises two sections each having different ampli-
tudes;

Figure 8E is a schematic diagram of a dipole semi-
circle- �shaped wave antenna coupled to a wireless
communication device for wireless communications
wherein one semi-�circle- �shaped pole conductor has
an amplitude larger than the other semi-�circle-
shaped pole conductor,

Figure 8F is a schematic diagram of a dipole semi-
circle- �shaped wave antenna coupled to a wireless
communication device for wireless communications
wherein one semi- �circle -shaped pole conductor is
longer than the other semi-�circle- �shaped pole con-
ductor;

Figure 9A is a schematic diagram of a sinusoidal-
shaped wave antenna and a ring resonator both cou-
pled to a wireless communication device wherein the
sinusoidal-�shaped wave antenna operates at a first
frequency and the ring resonator operates at a sec-
ond frequency;

Figure 9B is a schematic diagram of the sinusoidal-
shaped wave antenna and a ring resonator as illus-
trated in Figure 9A, except that the ring resonator is
additionally mechanically coupled to the sinusoidal-
shaped wave antenna as a mechanical stress relief;

Figure 9C is a schematic diagram of an alternative
embodiment to Figure 9B;

Figure 9D is a schematic diagram of a semi-�circle-
shaped wave antenna and a ring resonator both cou-
pled to a wireless communication device wherein the
semi- �circle- �shaped wave antenna operates at a first
frequency and the ring resonator operates at a sec-
ond frequency;

Figure 9E is a schematic diagram of the semi-�circle-
shaped wave antenna and a ring resonator as illus-
trated in Figure 9A, except that the ring resonator is
additionally mechanically coupled to the semi-�circle-
shaped wave antenna as a mechanical stress relief;

Figure 9F is a schematic diagram of an alternative
embodiment to Figure 9E;

Figure 10A is a schematic diagram of another em-
bodiment of a sinusoidal-�shaped wave antenna and
wireless communication device;
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Figure 10B is a schematic diagram of a compressed
version of the sinusoidal-�shaped wave antenna illus-
trated in Figure 10A;

Figure 10C is a schematic diagram of another em-
bodiment of a semi- �circle- �shaped wave antenna and
wireless communication device;

Figure 10D is a schematic diagram of a compressed
version of the semi-�circle -shaped wave antenna il-
lustrated in Figure 10A;

Figure 11 is a schematic diagram of with modifica-
tions to the section of the wave antenna to spread
the bend angle of the conductive section over a larger
linear length of the bend;

Figure 12A is a schematic diagram of a wireless com-
munication device and sinusoidal-�shaped wave an-
tenna attached to the inside of a tyre for wireless
communication of information about the tyre;

Figure 12B is a schematic diagram of the wireless
communication device and sinusoidal-�shaped wave
antenna of Figure 12A, except that the tyre is under
pressure and is stretching the sinusoidal-�shaped
wave antenna;

Figure 13 is a flowchart diagram of a tyre pressure
detection system executed by an interrogation read-
er by communicating with a wireless communication
device coupled to a sinusoidal- �shaped wave anten-
na inside a tyre like that illustrated in Figures 12A
and 12B;

Figure 14 is a schematic diagram of a reporting sys-
tem for information wirelessly communicated from a
tyre to an interrogation reader;

Figure 15 is a schematic diagram of a process of
manufacturing a sinusoidal- �shaped wave antenna
and coupling the sinusoidal- �shaped wave antenna
to a wireless communication device;

Figure 16A is a schematic diagram of an inductance
tuning short provided by the manufacturing process
illustrated in Figure 15; and

Figure 16B is a schematic diagram of an alternative
embodiment of inductance tuning short provided by
the manufacturing process of Figure 15.

�[0021] The present invention relates to a wave antenna
that is coupled to a wireless communication device, such
as a transponder, to wirelessly communicate information.
The wave antenna is formed through a series of alternat-
ing bends in a substantially straight conductor, such as
a wire, to form at least two different sections wherein at

least one section of the conductor is bent at an angle of
less than 180 degrees with respect to each other. The
wave antenna may be a conductor shaped in the form of
a sinusoid to form a sinusoidal-�shaped wave antenna, or
a semi-�circle to form a semi-�circle-�shaped wave antenna.
The wave antenna is formed by a curve placed in a sub-
stantially straight conductor to form at least two different
sections wherein at least one section of the conductor is
curved at an angle of less than 180 degrees with respect
to the other.
�[0022] A wave antenna has curves that allow stretch-
ing or compressing of the conductor comprising the an-
tenna without being damaged when subjected to a force.
A sharp bend in a conductor wire, as opposed to a curved
design of the present invention, may introduce the po-
tential for a failure point at the position of the sharp bend.
�[0023] A wave antenna is capable of stretching without
being damaged when subjected to a force. A wave an-
tenna can also provide improved impedance matching
capability between the antenna and a wireless commu-
nication device because of the reactive interaction be-
tween different sections of the antenna conductor. In gen-
eral, varying the characteristics of the conductor wire of
the wave antenna, such as diameter, the angle of the
bends, the lengths of the sections formed by the bends,
and the type of conductor wire, will modify the cross cou-
pling and, hence, the impedance of the wave antenna.
�[0024] Before discussing the particular aspects and
applications of the wave antenna as illustrated in Figures
2-16 of this application, a wireless communication sys-
tem that may be used with the present invention is dis-
cussed below.
�[0025] Figure 1 illustrates a wireless communication
device and communication system that may be used with
the present invention. The wireless communication de-
vice 10 is capable of communicating information wire-
lessly and may include a control system 12, communi-
cation electronics 14, and memory 16. The wireless com-
munication device 10 may also be known as a radio-
frequency identification device (RFID). The communica-
tion electronics 14 is coupled to an antenna 17 for wire-
lessly communicating information in radio-�frequency sig-
nals. The communication electronics 14 is capable of re-
ceiving modulated radio-�frequency signals through the
antenna 17 and demodulating these signals into infor-
mation passed to the control system 12. The antenna 17
may be any type of antenna, including but not limited to
a pole or slot antenna. The antenna 17 may be internal
or external to the wireless communication device 10.
�[0026] The control system 12 may be any type of cir-
cuitry or processor that receives and processes informa-
tion received by the communication electronics 14, in-
cluding a micro-�controller or microprocessor. The wire-
less communication device 10 may also contain a mem-
ory 16 for storage of information. Such information may
be any type of information about goods, objects, or arti-
cles of manufacture, including but not limited to identifi-
cation, tracking, environmental information, such as
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pressure and temperature, and other pertinent informa-
tion. The memory 16 may be electronic memory, such
as random access memory (RAM), read-�only memory
(ROM), flash memory, diode, etc., or the memory 16 may
be mechanical memory, such as a switch, dipswitch, etc.
�[0027] The control system 12 may also be coupled to
sensors that sense environmental information concern-
ing the wireless communication device 10. For instance,
the control system 12 may be coupled to a pressure sen-
sor 18 to sense the pressure on the wireless communi-
cation device 10 and/or its surroundings. The control sys-
tem 12 may also be coupled to a temperature sensor 19
to sense the temperature of the wireless communication
device 10 or the ambient temperature around the wire-
less communication device 10. More information on dif-
ferent types of pressure sensors 18 that can be used to
couple to the control system are disclosed in U.S. Patent
Nos. 6,299,349 and 6,272,936, entitled "Pressure and
temperature sensor" and "Pressure sensor," respective-
ly, both of which are incorporated herein by reference in
their entirety.
�[0028] The temperature sensor 19 may be contained
within the wireless communication device 10, or external
to the wireless communication device 10. The tempera-
ture sensor 19 may be any variety of temperature sensing
elements, such as a thermistor or chemical device. One
such temperature sensor 19 is described in U.S. Patent
No. 5,959,524, entitled "Temperature sensor," incorpo-
rated herein by reference in its entirety. The temperature
sensor 19 may also be incorporated into the wireless
communication device 10 or its control system 12, like
that described in U.S. Patent No. 5,961,215, entitled
"Temperature sensor integral with microprocessor and
methods of using same," incorporated herein by refer-
ence in its entirety. However, note that the present in-
vention is not limited to any particular type of temperature
sensor 19.
�[0029] Some wireless communication devices 10 are
termed "active" devices in that they receive and transmit
data using their own energy source coupled to the wire-
less communication device 10. A wireless communica-
tion device 10 may use a battery for power as described
in U.S. Patent No. 6,130,602 entitled "Radio frequency
data communications device," or may use other forms of
energy, such as a capacitor as described in U.S. Patent
No. 5,833,603, entitled "Implantable biosensing trans-
ponder." Both of the preceding patents are incorporated
herein by reference in their entirety.
�[0030] Other wireless communication devices 10 are
termed "passive" devices meaning that they do not ac-
tively transmit and therefore may not include their own
energy source for power. One type of passive wireless
communication device 10 is known as a "transponder."
A transponder effectively transmits information by reflect-
ing back a received signal from an external communica-
tion device, such as an interrogation reader. An example
of a transponder is disclosed in U.S. Patent No.
5,347,280, entitled "Frequency diversity transponder ar-

rangement," incorporated herein by reference in its en-
tirety. Another example of a transponder is described in
co- �pending International Patent Application No. WO
02/07085, entitled "Wireless communication device and
method," incorporated herein by reference in its entirety.
�[0031] Figure 1 depicts communication between a
wireless communication device 10 and an interrogation
reader 20. The interrogation reader 20 may include a
control system 22, an interrogation communication elec-
tronics 24, memory 2 6, and an interrogation antenna 28.
The interrogation antenna 28 may be any type of anten-
na, including a pole antenna or a slot antenna. The in-
terrogation reader 20 may also contain its own internal
energy source 30, or the interrogation reader 20 may be
powered through an external power source. The energy
source 30 may include batteries, a capacitor, solar cell
or other medium that contains energy. The energy source
30 may also be rechargeable. A timer 23 may also be
coupled to the control system 22 for performing tasks
that require timing operations.
�[0032] The interrogation reader 20 communicates with
the wireless communication device 10 by emitting an
electronic signal 32 modulated by the interrogation com-
munication electronics 24 through the interrogation an-
tenna 28. The interrogation antenna 28 may be any type
of antenna that can radiate a signal 32 through a field 34
so that a reception device, such as a wireless communi-
cation device 10, can receive such signal 32 through its
own antenna 17. The field 34 may be electro-�magnetic,
magnetic, or electric. The signal 32 may be a message
containing information and/or a specific request for the
wireless communication device 10 to perform a task or
communicate back information. When the antenna 17 is
in the presence of the field 34 emitted by the interrogation
reader 20, the communication electronics 14 are ener-
gized by the energy in the signal 32, thereby energizing
the wireless communication device 10. The wireless
communication device 10 remains energized so long as
its antenna 17 is in the field 34 of the interrogation reader
20. The communication electronics 14 demodulates the
signal 32 and sends the message containing information
and/or request to the control system 12 for appropriate
actions.
�[0033] It is readily understood to one of ordinary skill
in the art that there are many other types of wireless
communications devices and communication techniques
than those described herein, and the present invention
is not limited to a particular type of wireless communica-
tion device, technique or method.
�[0034] Figure 2A illustrates a first embodiment of a
wave antenna 17 coupled to a wireless communication
device 10 for wireless communication. This embodiment
illustrates a monopole wave antenna 17. The wave an-
tenna 17 is formed by a conducting material, such as a
wire or foil for example, that is bent in alternating sections
to form a series of peaks and valleys. Any type of material
can be used to form the wave antenna 17 so long as the
material can conduct electrical energy.

9 10 



EP 1 942 448 A2

7

5

10

15

20

25

30

35

40

45

50

55

�[0035] A wave antenna 17 in its broadest form is a
conductor that is bent (either a relatively sharp bend as
in the embodiments of Figures 2A, 2B, 3, 4A, 4B, 4C, 5A,
5B, or a relatively curved bend as in the embodiments of
Figures 6A, 6B, 6C, 6D. 7, 8A, 8B, 8C, 8D, 8E, 8F, 9A,
9B, 9C, 9D, 9E, 9F, 10A, 10B, 10C, 10D and 11) in at
least one position at (through) an angle less than 180
degrees to form at least two different sections 21.
�[0036] The monopole wave antenna 17 in this embod-
iment contains seven alternating bends to form a saw-
tooth wave shape. The monopole wave antenna 17 is
coupled, by either a direct or reactive coupling, to an input
port (not shown) on the wireless communication device
10 to provide an antenna 17 for wireless communica-
tions. Since the wireless communication device 10 con-
tains another input port that is coupled to the monopole
wave antenna 17, this additional input port is grounded.
�[0037] A wave antenna 17 may be particularly advan-
tageous to use with a wireless communication device 10
in lieu of a straight antenna. One advantage of a wave
antenna 17 is that it is tolerant to stretching without sub-
stantial risk of damage or breakage to the conductor.
Certain types of goods, objects, or articles of manufac-
ture may encounter a force, such as stretching or com-
pression, during their manufacture and/or normal use. If
a wireless communication device 10 uses a straight con-
ductor as antenna 17 and is attached to goods, objects,
or articles of manufacture that are subjected to a force
during their manufacture or use, the antenna 17 may be
damaged or broken when the good, object or article of
manufacture is subjected to such force. If the antenna
17 is damaged or broken, this may cause the wireless
communication device 10 to be incapable of wireless
communication since a change in the length or shape of
the conductor in the antenna 17 may change the oper-
ating frequency of the antenna 17.
�[0038] A wave antenna 17, because of its bent (includ-
ing curved) sections 21, also causes the field emitted by
the conductors in sections 21 to capacitively couple to
other sections 21 of the wave antenna 17. This results
in improved impedance matching with the wireless com-
munication device 10 to provide greater and more effi-
cient energy transfer between the wireless communica-
tion device 10 and the wave antenna 17. As is well known
to one of ordinary skill in the art, the most efficient energy
transfer occurs between a wireless communication de-
vice 10 and an antenna 17 when the impedance of the
antenna 17 is the complex conjugate of the impedance
of the wireless communication device 10.
�[0039] The impedance of a straight conductor antenna
17 is dependant on the type, size, and shape of the con-
ductor. The length of the antenna 17 is the primary var-
iable that determines the operating frequency of the an-
tenna 17. Unlike a straight conductor antenna 17, a wave
antenna 17 can also be varied in other ways not possible
in a straight conductor antenna 17. In a wave antenna
17, other variables exist in the design of the antenna in
addition to the type, size, shape and length of the con-

ductor. The impedance of a wave antenna 17 can also
be varied by varying the length of the individual sections
21 of the conductor making up the wave antenna 17, the
angle between these individual sections 21 and the
phase, period and amplitude of the sections 21, in addi-
tion to the traditional variables available in straight con-
ductor antennas 17. These additional variables available
in wave antennas 17 can be varied while maintaining the
overall length of the conductor so that the operating fre-
quency of the wave antenna 17 is maintained. In this
embodiment, the lengths of the individual sections 21
and the angles between the individual sections 21 are
the same; however, they do not have to be.
�[0040] It may be beneficial to heat selectively parts of
the conductive wire that forms the wave antenna 17 to
reduce the stress in the wave antenna 17 to prevent
breakage. This could be done in a number of ways in-
cluding, but not limited to, gas jets, clamps, or conductive
clamps passing a high current through areas of the wave
antenna 17.
�[0041] In summary, a wave antenna 17 provides the
ability to alter and select additional variables not possible
in straight conductor antennas 17 that affect the imped-
ance of the antenna 17, thereby creating a greater like-
lihood that a wave antenna’s 17 impedance can be de-
signed to more closely match the impedance of the wire-
less communication device 10. Of course, as is well
known by one of ordinary skill in the art, the type of ma-
terials attached to the wave antenna 17 and the material’s
dielectric properties also vary the impedance and oper-
ating frequency of the wave antenna 17. These additional
variables should also be taken into account in the final
design of the wave antenna 17. The reactive cross- �cou-
pling that occurs between different sections 21 of the
wave antenna 17 also contribute to greater impedance
matching capability of the wave antenna 17 to a wireless
communication device 10. More information on imped-
ance matching between a wireless communication de-
vice 10 and an antenna 17 for efficient transfer of energy
is disclosed in International Patent Application No. WO
01/73675,� entitled "Remote communication using slot
antenna," incorporated herein by reference in its entirety.
�[0042] Figure 2B illustrates a wave antenna 17 similar
to that illustrated in Figure 2A; however, the wave anten-
na in Figure 2B is a dipole wave antenna 17. Two con-
ductors 17A, 17B are coupled to the wireless communi-
cation device 10 to provide wireless communications. In
this embodiment, the length of the conductors 17A, 17B
that form the dipole wave antenna 17 are each 84 mil-
limeters in length. The dipole wave antenna 17 operates
at a frequency of 915 MHz. In this embodiment, the
lengths of the individual sections 21 and the angles be-
tween the individual sections 21 that make up the dipole
wave antenna 17 are the same; however, they do not
have to be.
�[0043] Figure 3 illustrates another embodiment of a
wave antenna 17 where the lengths of the individual sec-
tions 21 and the angle between the individual sections
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21 are not the same. Two conductors are coupled to the
wireless communication device 10 to create a dipole
wave antenna 17. The first conductor is comprised out
of two sections 21A, 21C, each having a different number
of sections 21 and lengths. The two sections 21A, 21C
are also symmetrically contained in the second conductor
21B, 21D. This causes the wave antenna 17 to act as a
dipole antenna that resonates and receives signals at
two different operating frequencies so that the wireless
communication device 10 is capable of communicating
at two different frequencies.
�[0044] The first symmetrical sections 21A, 21B are
30.6 millimeters or λ/ �4 in length and are coupled to the
wireless commnnication device 10 so that the wave an-
tenna 17 is capable of receiving 2.45GHz signals. The
second symmetrical sections 21C, 21D are coupled to
the first sections 21A, 21B, respectively, to form a second
dipole antenna for receiving signals at a second frequen-
cy. In this embodiment, the second sections 21C, 21D
are 70 millimeters in length and are coupled to the first
sections 21A, 21B, respectively, to form lengths that are
designed to receive 915 MHz signals. Also note that
bends in the conductor in the wave antenna 17 are not
constant. The bends in the wave antenna 17 that are
made upward are made at an angle of less than 180
degrees. The bends in the wave antenna 17 that are
made downward are made at an angle of 180 degrees.
�[0045] Note that it is permissible for bends in sections
21 of the conductor to be 180 degrees so long as all of
the sections 21 in the conductor are not bent at 180 de-
grees with respect to adjacent sections 21. If all of the
sections 21 in the conductor are bent at 180 degrees,
then the conductor will effectively be a straight conductor
antenna 17 and not a wave antenna 17.
�[0046] Figure 4A illustrates another embodiment of the
wave antenna 17 coupled to the wireless communication
device 10 wherein the wireless communication device
10 is configured to receive signals at two different fre-
quencies. A wave antenna 17 similar the wave antenna
17 illustrated in Figure 2B is coupled to the wireless com-
munication device 10 to form a dipole wave antenna 17.
A resonating ring 40 is also capacitively coupled to the
wireless communication device 10 to provide a second
antenna 17 that operates at a second and different fre-
quency from the operating frequency of the dipole wave
antenna 17. The resonating ring 40 may be constructed
out of any type of material so long as the material is con-
ductive.
�[0047] This embodiment may be particularly advanta-
geous if it is necessary for the wireless communication
device 10 to be capable of wirelessly communicating re-
gardless of the force, such as stretching or compression,
exerted on the wave antenna 17. The resonating ring 40
is designed to remain in its original shape regardless of
the application of any force that may be placed on the
wireless communication device 10 or a good, object, or
article of manufacture that contains the wireless commu-
nication device 10. Depending on the force exerted on

the wave antenna 17 or a good, object or article of man-
ufacture that contains the wave antenna 17 and wireless
communication device 10, the length of the wave antenna
17 may change, thereby changing the operating frequen-
cy of the wave antenna 17. The new operating frequency
of the wave antenna 17 may be sufficiently different from
the normal operating frequency such that wave antenna
17 and the wireless communication device 10 could not
receive and/or demodulate signals sent by the interroga-
tion reader 20. The resonating ring 40 is capable of re-
ceiving signals 32 regardless of the state of the wave
antenna 17.
�[0048] Figure 4B also illustrates an embodiment of the
present invention employing a dipole wave antenna 17
that operates at 915 MHz and a resonating ring 40 that
operates at 2.45GHz. The dipole wave antenna 17 and
the resonating ring 40 are both coupled to the wireless
communication device 10 to allow the wireless commu-
nication device 10 to operate at two different frequencies.
However, in this embodiment, the conductors of the di-
pole wave antenna 17 are looped around the resonating
ring 40 at a first inductive turn 42A and a second inductive
turn 42B. In this manner, any force placed on the dipole
wave antenna 17 will place such force on the resonating
ring 40 instead of the wireless communication device 10.
�[0049] This embodiment may be advantageous in cas-
es where a force, placed on the dipole wave antenna 17
without providing a relief mechanism other than the wire-
less communication device 10 itself would possibly cause
the dipole wave antenna 17 to disconnect from the wire-
less communication device 10, thus causing the wireless
communication device 10 to be unable to wirelessly com-
municate. The resonating ring 40 may be constructed
out of a stronger material than the connecting point be-
tween the dipole wave antenna 17 and the wireless com-
munication device 10, thereby providing the ability to ab-
sorb any force placed on the dipole wave antenna 17
without damaging the resonating ring 40. This embodi-
ment may also be particularly advantageous if the wire-
less communication device 10 is placed on a good, object
or article of manufacture that undergoes force during its
manufacture or use, such as a rubber tyre, for example.
�[0050] Figure 4C illustrates another embodiment sim-
ilar to those illustrated in Figures 4A and 4B. However,
the resonating ring 40 is directly coupled to the wireless
communication device 10, and the dipole wave antenna
17 is directly coupled to the resonating ring 10. A first
and second conducting attachments 44A, 44B are used
to couple the resonating ring 40 to the wireless commu-
nication device 10. A force exerted on the dipole wave
antenna 17 is exerted on and absorbed by the resonating
ring 40 rather than wireless communication device 10 so
that the wireless communication device 10 is not dam-
aged.
�[0051] Figure 5A illustrates another embodiment of the
wave antenna 17 that is stretched wherein the bending
are at angles close to 180 degrees, but slightly less, to
form sections 21 close to each other. The coupling be-
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tween the individual elements in the wave antenna 17
will be strong due to the proximity. Therefore, a small
change in stretching of the wave antenna 17 will have a
large effect on the operating frequency of the wave an-
tenna 17. Since the change in the operating frequency
will be great, it will be easier for a small stretching of the
wave antenna 17 to change the operating frequency of
the wave antenna 17.
�[0052] Figure 5B illustrates the same wave antenna
17 and wireless communication device 10 illustrated in
Figure 5A; however, the wave antenna 17 is not being
stretched. When this wave antenna 17 is not being
stretched, the bent sections in the wave antenna 17 touch
each other to effectively act as a regular dipole antenna
without angled sections 21. In this embodiment, each
pole 17A, 17B of the wave antenna 17 in its normal form
is 30.6 millimeters long and has an operating frequency
of 2.45 GHz such that the wireless communication device
10 is capable of responding to a frequency of 2.45 GHz.
�[0053] Figure 6A illustrates a further embodiment of a
wave antenna 17 coupled to a wireless communication
device 10 for wireless communication. This embodiment
illustrates a monopole sinusoidal-�shaped wave antenna
17. The sinusoidal- �shaped wave antenna 17 is formed
by a conducting material, such as a wire or foil for exam-
ple, that is curved in alternating sections to form a sinu-
soidal shape that resembles a sine or cosine waveform.
The sinusoidal-�shaped sections form a series of peaks
and valleys in the conductor. Any type of material can be
used to form the sinusoidal-�shaped wave antenna 17 so
long as the material can conduct electrical energy, in-
cluding but not limited to copper, brass, steel, zinc-�plated
steel, spring brass, and brass coated spring steel.
�[0054] The monopole sinusoidal- �shaped wave anten-
na 17 in this embodiment contains seven alternating
curves to form a sinusoidal-�shaped wave. The monopole
sinusoidal- �shaped wave antenna 17 is coupled, by either
a direct or reactive coupling, to an input port (not shown)
on the wireless communication device 10 to provide an
antenna 17 for wireless communications. Since the wire-
less communication device 10 contains another input
port that is coupled to the monopole sinusoidal- �shaped
wave antenna 17, this additional input port is grounded.
�[0055] Figure 6B illustrates a sinusoidal-�shaped wave
antenna 17 similar to that illustrated in Figure 6A; how-
ever, the sinusoidal-�shaped wave antenna in Figure 6B
is a dipole sinusoidal-�shaped wave antenna 17. Two con-
ductors 17A, 17B are coupled to the wireless communi-
cation device 10 to provide wireless communications. In
this embodiment, the length of the conductors 17A, 17B
that form the dipole sinusoidal-�shaped wave antenna 17
are each 84 millimeters in length. The dipole sinusoidal-
shaped wave antenna 17 operates at a frequency of 915
MHz. In this embodiment, the lengths of the individual
sections 21 and the angles between the individual sec-
tions 21 that make up the dipole sinusoidal-�shaped wave
antenna 17 are the same; however, they do not have to
be.

�[0056] Figure 6C illustrates an alternative embodiment
of Figure 6A, except that the wave antenna 17 is com-
prised of sections 21 that are semi-�circle shaped. All as-
pects for the sinusoidal- �shaped wave antenna 17 em-
bodiment discussed above and illustrated in Figure 6A
is equally applicable for this embodiment.
�[0057] Figure 6D illustrates an alternative embodiment
of Figure 6B, except that the wave antenna 17 is com-
prised of sections 21 that are semi-�circle shaped. All as-
pects for the sinusoidal- �shaped wave antenna 17 em-
bodiment discussed above and illustrated in Figure 6B
is equally applicable for this embodiment.
�[0058] Figure 7 illustrates another embodiment of a
sinusoidal-�shaped wave antenna 17 where the lengths
of the individual sections 21 and the angle between the
individual sections 21 are not the same. Two conductors
are coupled to the wireless communication device 10 to
create a dipole sinusoidal-�shaped wave antenna 17. The
first conductor is comprised out of two sections 21A, 21C,
each having a different number of sections 21 and
lengths. The two sections 21A, 21C are also symmetri-
cally contained in the second conductor 21B, 21D. This
causes the sinusoidal-�shaped wave antenna 17 to act
as a dipole antenna that resonates and receives signals
at two different operating frequencies so that the wireless
communication device 10 is capable of communicating
at two different frequencies.
�[0059] The first symmetrical sections 21A, 21B are
30.6 millimeters or λ/ �4 in length and are coupled to the
wireless communication device 10 so that the sinusoidal-
shaped wave antenna 17 is capable of receiving
2.45GHz signals. The second symmetrical sections 21C,
21D are coupled to the first sections 21A, 21B, respec-
tively, to form a second dipole antenna for receiving sig-
nals at a second frequency. In this embodiment, the sec-
ond sections 21C, 21D are 70 millimeters in length and
are coupled to the first sections 21A, 21B, respectively,
to form lengths that are designed to receive 915 MHz
signals. Also note that curves in the conductor in the si-
nusoidal- �shaped wave antenna 17 are not constant. The
curves in the sinusoidal- �shaped wave antenna 17 that
are made upward are made at an angle of less than 180
degrees. The curves in the sinusoidal- �shaped wave an-
tenna 17 that are made downward are made at an angle
of 180 degrees.
�[0060] Note that it is permissible for the curves in sec-
tions 21 of the conductor to be 180 degrees so long as
all of the sections 21 in the conductor are not curved at
180 degrees with respect to adjacent sections 21. If all
of the sections 21 in the conductor are curved at 180
degrees, then the conductor will effectively be a straight
conductor antenna 17 and not a sinusoidal- �shaped wave
antenna 17.
�[0061] Note that the wave antenna 17 illustrated in Fig-
ure 7 could also be implemented using semi-�circle-
shaped sections 21.
�[0062] Figure 8A illustrates another embodiment of a
sinusoidal- �shaped wave antenna 17 where the ampli-
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tudes of the individual sections 21 that form the sinusoi-
dal- �shaped wave antenna 17 are not the same. Two con-
ductors are coupled to the wireless communication de-
vice 10 to create a dipole sinusoidal- �shaped wave an-
tenna 17. The first conductor is comprised out of two
sections 21A, 21C, each having a different number of
sections 21 and different amplitudes. The two sections
21A, 21C are also symmetrically contained in the second
conductor 21B, 21D. This causes the sinusoidal-�shaped
wave antenna 17 to act as a dipole antenna that reso-
nates and receives signals at two different operating fre-
quencies so that the wireless communication device 10
is capable of communicating at two different frequencies.
�[0063] Figure 8B illustrates another embodiment of an
asymmetrical sinusoidal- �shaped wave antenna 17 where
the amplitude of a first pole antenna 17A of the sinusoidal-
shaped wave antenna 17 has a different amplitude than
the second pole antenna 17B of the sinusoidal-�shaped
wave antenna 17. More information on asymmetrical pole
antennas is disclosed on co-�pending International Patent
Application No. WO 02/07085, entitled "Wireless Com-
munication Device and Method," assigned to the same
assignee as the present invention, and incorporated
herein by reference in its entirety.
�[0064] Figure 8C illustrates another embodiment of an
asymmetrical sinusoidal-�shaped wave antenna 17 where
the length of a first pole antenna 17A of the sinusoidal-
shaped wave antenna 17 is of a different length than the
second pole antenna 17B of the sinusoidal-�shaped wave
antenna 17. Note that the embodiments of Figures 8A,
8B, and 8C may be combined to created an asymmetrical
dipole wave antenna 17 wherein the pole antennas 17A,
17B contain different lengths, different amplitudes, in-
cluding different amplitudes within different sections 21,
of a pole antenna 17A, 17B.
�[0065] Figure 8D illustrates an alternative embodiment
of Figure 8A, except that the wave antenna 17 is com-
prised of sections 21 that are semi-�circle shaped. All as-
pects for the sinusoidal-�shaped wave antenna 17 em-
bodiment discussed above and illustrated in Figure 8A
is equally applicable for this embodiment.
�[0066] Figure 8E illustrates an alternative embodiment
of Figure 8B, except that the wave antenna 17 is com-
prised of sections 21 that are semi-�circle shaped. All as-
pects for the sinusoidal-�shaped wave antenna 17 em-
bodiment discussed above and illustrated in Figure 8B
is equally applicable for this embodiment.
�[0067] Figure 8F illustrates an alternative embodiment
of Figure 8C, except that the wave antenna 17 is com-
prised of sections 21 that are semi-�circle shaped. All as-
pects for the sinusoidal-�shaped wave antenna 17 em-
bodiment discussed above and illustrated in Figure 8C
is equally applicable for this embodiment.
�[0068] Note that the embodiments of Figures 8D, 8E,
and 8F may be combined to created an asymmetrical
dipole wave antenna 17 wherein the pole antennas 17A,
17B contain different lengths, different amplitudes, in-
cluding different amplitudes within different sections 21,

of a pole antenna 17A, 17B.
�[0069] Figure 9A illustrates another embodiment of the
sinusoidal- �shaped wave antenna 17 coupled to the wire-
less communication device 10 wherein the wireless com-
munication device 10 is configured to receive signals at
two different frequencies. A sinusoidal-�shaped wave an-
tenna 17 similar the sinusoidal-�shaped wave antenna 17
illustrated in Figure 6B is coupled to the wireless com-
munication device 10 to form a dipole sinusoidal- �shaped
wave antenna 17. As in the Figure 4A, 4B, 4C embodi-
ments, a resonating ring 40 is also capacitively coupled
to the wireless communication device 10 to provide a
second antenna 17 that operates at a second and differ-
ent frequency from the operating frequency of the dipole
sinusoidal- �shaped wave antenna 17. The resonating ring
40 may be constructed out of any type of material so long
as the material is conductive.
�[0070] Figure 9B also illustrates an embodiment of the
present invention employing a dipole sinusoidal- �shaped
wave antenna 17 that operates at 915 MHz and a reso-
nating ring 40 that operates at 2.45GHz. The dipole si-
nusoidal- �shaped wave antenna 17 and the resonating
ring 40 are both coupled to the wireless communication
device 10 to allow the wireless communication device 10
to operate at two different frequencies. However, in this
embodiment, the conductors of the dipole sinusoidal-
shaped wave antenna 17 are looped around the reso-
nating ring 40 at a first inductive turn 42A and a second
inductive turn 42B. In this manner, any force placed on
the dipole sinusoidal-�shaped wave antenna 17 will place
such force on the resonating ring 40 instead of the wire-
less communication device 10.
�[0071] Figure 9C illustrates another embodiment sim-
ilar to those illustrated in Figures 9A and 9B. However,
the resonating ring 40 is directly coupled to the wireless
communication device 10, and the dipole sinusoidal-
shaped wave antenna 17 is directly coupled to the res-
onating ring 10. A first and second conducting attach-
ments 44A, 44B are used to couple the resonating ring
40 to the wireless communication device 10. A force ex-
erted on the dipole sinusoidal-�shaped wave antenna 17
is exerted on and absorbed by the resonating ring 40
rather than wireless communication device 10 so that the
wireless communication device 10 is not damaged.
�[0072] Figure 9D illustrates an alternative embodiment
of Figure 9A, except that the wave antenna 17 is com-
prised of sections 21 that are semi-�circle shaped. All as-
pects for the sinusoidal- �shaped wave antenna 17 em-
bodiment discussed above and illustrated in Figure 9A
is equally applicable for this embodiment.
�[0073] Figure 9E illustrates an alternative embodiment
of Figure 9B, except that the wave antenna 17 is com-
prised of sections 21 that are semi-�circle shaped. All as-
pects for the sinusoidal- �shaped wave antenna 17 em-
bodiment discussed above and illustrated in Figure 9B
is equally applicable for this embodiment.
�[0074] Figure 9F illustrates an alternative embodiment
of Figure 9C, except that the wave antenna 17 is com-
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prised of sections 21 that are semi-�circle shaped. All as-
pects for the sinusoidal-�shaped wave antenna 17 em-
bodiment discussed above and illustrated in Figure 9C
is equally applicable for this embodiment.
�[0075] Figure 10A illustrates another embodiment of
the sinusoidal-�shaped wave antenna 17 that is stretched
wherein the curves in the conductor are at angles close
to 180 degrees, but slightly less, to form sections 21 close
to each other. The embodiment is similar to that of Figure
5A. The coupling between the individual elements in the
sinusoidal- �shaped wave antenna 17 will be strong due
to the proximity. Therefore, a small change in stretching
of the sinusoidal-�shaped wave antenna 17 will have a
large effect on the operating frequency of the sinusoidal-
shaped wave antenna 17. Since the change in the oper-
ating frequency will be great, it will be easier for a small
stretching of the sinusoidal- �shaped wave antenna 17 to
change the operating frequency of the sinusoidal-�shaped
wave antenna 17.
�[0076] Figure 10B illustrates the same sinusoidal-
shaped wave antenna 17 and wireless communication
device 10 illustrated in Figure 10A; however, the sinusoi-
dal- �shaped wave antenna 17 is not being stretched.
When this sinusoidal- �shaped wave antenna 17 is not be-
ing stretched, the curved sections in the sinusoidal-
shaped wave antenna 17 touch each other to effectively
act as a regular dipole antenna without angled sections
21. In this embodiment, each pole 17A, 17B of the sinu-
soidal-�shaped wave antenna 17 in its normal form is 30.6
millimeters long and has an operating frequency of 2.45
GHz such that the wireless communication device 10 is
capable of responding to a frequency of 2.45 GHz.
�[0077] Figure 10C illustrates an alternative embodi-
ment of Figure 10A, except that the wave antenna 17 is
comprised of sections 21 that are semi- �circle shaped. All
aspects for the sinusoidal-�shaped wave antenna 17 em-
bodiment discussed above and illustrated in Figure 10A
is equally applicable for this embodiment.
�[0078] Figure 10D illustrates an alternative embodi-
ment of Figure 10B, except that the wave antenna 17 is
comprised of sections 21 that are semi- �circle shaped. All
aspects for the sinusoidal-�shaped wave antenna 17 em-
bodiment discussed above and illustrated in Figure 10B
is equally applicable for this embodiment
�[0079] Figure 11 illustrates an alternative embodiment
of the conductive section 21 of the wave antenna 17
wherein the width of the section 21 is dynamically altered
along the length of the shape of the section 21. The con-
ductive section 21 could be modified from a constant di-
ameter by squeezing in a die. This embodiment spreads
the bending effect along the conductive section 21 so
that the wave antenna 17 is less susceptible to breaking.
For example, the majority of the angular bend in the con-
ductive section 21 occurs at the peak 33 of the conductive
section 21 making the peak 31 the most likely place for
the wave antenna 17 to break. However, if the peak 33
section of the conductive section 21 is made thicker, and
a series of areas on either side of the peak are made

thinner, the bend angle is spread over the bend more
thereby reducing the probability of breakage.
�[0080] Figure 12A illustrates one type of article of man-
ufacture that undergoes force during its manufacture and
use and that may include a wireless communication de-
vice 10 and wave antenna 17 like that illustrated in Fig-
ures 5A, 5B, 10A, 10B, 10C, and 10D. This embodiment
includes a rubber tyre 50 well known in the prior art that
is used on transportation vehicles. The tyre 50 is de-
signed to be pressurized with air when placed inside a
tyre 50 mounted on a vehicle wheel forming a seal be-
tween the wheel and the tyre 50. The tyre 50 is comprised
of a tread surface 52 that has a certain defined thickness
53. The tread surface 52 has a left outer side 54, a right
outer side 56 and an orifice 58 in the center where the
tyre 50 is designed to fit on a wheel. The left outer side
54 and right outer side 56 are curved downward at angles
substantially perpendicular to the plane of the tread sur-
face 52 to form a left outer wall 60 and a right outer wall
62. When the left outer wall 60 and right outer wall 62
are formed, a left inner wall 64 and a right inner wall (not
shown) on the inside of right outer wall 62 are also formed
as well. Additionally, depending on the type of tyre 50, a
steel belt 68 may also be included inside the rubber of
the tyre 50 under the surface of the tread surface 52 for
increased performance and life. More information on the
construction and design of a typical tyre 50 is disclosed
in U.S. Patent No. 5,554,242, entitled "Method for making
a multi-�component tyre," incorporated herein by refer-
ence in its entirety.
�[0081] In this embodiment, a wireless communication
device 10 and dipole wave antenna 17 are attached on
the inner surface of the tyre 50 on the inner side of the
tread surface 52. During the manufacturing of a tyre 50,
the rubber in the tyre 50 undergoes a lamination process
whereby the tyre 50 may be stretched up to approximate-
ly 1.6 times its normal size and then shrunk back down
to the normal dimensions of a wheel. If a wireless com-
munication device 10 is placed inside the tyre 50 during
the manufacturing process, the wireless communication
device 10 and antenna 17 must be able to withstand the
stretching and shrinking that a tyre 50 undergoes without
being damaged. The wave antenna 17 of the present
invention is particularly suited for this application since
the wave antenna 17 can stretch and compress without
damaging the conductor of the sinusoidal-�shaped wave
antenna 17.
�[0082] Also, a tyre 50 is inflated with a gas, such as
air, to a pressure during its normal operation. If the wire-
less communication device 10 and antenna 17 are placed
inside the tread surface 52 or inside the tyre 50, the wire-
less communication device 10 and antenna 17 will stretch
and compress depending on the pressure level in the
tyre 50. The more pressure contained in the tyre 50, the
more the tyre 50 will stretch.
�[0083] Therefore, any wireless communication device
10 and antenna 17 that is contained inside the tyre 50 or
inside the rubber of the tyre 50 must be able to withstand
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this stretching without being damaged and/or affecting
the proper operation of the wireless communication de-
vice 10.
�[0084] Figure 12B illustrates the same tyre illustrated
in Figure 12A. However, in this embodiment, the tyre 50
is under a pressure and has stretched the dipole wave
antenna 17. Because the dipole wave antenna 17 is ca-
pable of stretching without being damaged or broken, the
dipole wave antenna 17 is not damaged and does not
break when the tyre 50 is stretched when subjected to a
pressure. Note that the wave antenna 17 placed inside
the tyre 50 could also be a monopole wave antenna 17,
as illustrated in Figures 2A, 6A or 6C, or any other vari-
ation of the wave antenna 17, including the wave anten-
nas 17 illustrated in Figures 2B, 3, 4A-�4C, 5A, 5B, 6B,
6D, 7, 8A- �8F, 9A- �9F, 10A- �10D, and 11. Also, note that
the wireless communication device 10 and wave antenna
17 could be provided anywhere on the inside of the tyre
50, including inside the thickness 53 of the tread surface
52, the left inner wall 64 or the right inner wall (not shown)
on the inside of right outer wall 62.
�[0085] At a given frequency, the length of the wave
antenna 17 for optimum coupling is affected by the elec-
trical properties of the material surrounding, and in con-
tact with, the conductive portions of the antenna 17. Since
the rubber of the tyre 50 may contain large amounts of
"carbon black", a relatively conductive material, an insu-
lating material having the necessary electrical properties,
may be required to encapsulate the metal of the antenna
17 with a non-�conductive coating (not shown) to insulate
it from the rubber of the tyre 50. In other cases the length
of the antenna 17 elements must be tuned in length to
match the electrical properties of the surrounding mate-
rial, as is well known issue with antennas.
�[0086] Note that the wave antenna 17 discussed above
and illustrated in Figure 11 may be sinusoidal- �shaped
and semi- �circle shaped.
�[0087] Figure 13 illustrates a flowchart process where-
in the interrogation reader 20 is designed to communicate
with the wireless communication device 10 and wave an-
tenna 17 to determine when the pressure of the tyre 50
has reached a certain designed threshold pressure. Be-
cause a wave antenna 17 changes length based on the
force exerted on its conductors, a wave antenna 17 will
stretch if placed inside a tyre 50 as the pressure inside
the tyre 50 rises. The wave antenna 17 can be designed
so that the length of the wave antenna 17 only reaches
a certain designated length to be capable of receiving
signals at the operating frequency of the interrogation
reader 20 when the tyre 50 reaches a certain threshold
pressure.
�[0088] The process starts (block 70), and the interro-
gation reader 20 emits a signal 32 through the field 34
as discussed previously for operation of the interrogation
reader 20 and wireless communication device 10 illus-
trated in Figure 1. The interrogation reader 20 checks to
see if a response communication has been received from
the wireless communication device 10 (decision 74). If

no response signal is received by the interrogation reader
20 from the wireless communication device 10, the inter-
rogation reader 20 continues to emit the signal 32 through
field 34 in a looping fashion (block 72) until a response
is received. Once a response is received by the interro-
gation reader 20 from the wireless communication device
10 (decision 74), this is indicative of the fact that the wave
antenna 17 coupled to the wireless communication de-
vice 10 has stretched to a certain length so that the wave
antenna’s 17 operating frequency is compatible with the
operating frequency of the interrogation reader 20 (block
76). The interrogation reader 20 can report that the tyre
50 containing the wireless communication device 10 and
wave antenna 17 has reached a certain threshold pres-
sure. Note that the wave antennas 17 may be any of the
wave antennas 17 illustrated in Figures 2B, 3, 4A-�4C,
5A, 5B, 6A-�6D, 7, 8A- �8F, 9A- �9F, 10A-�10D and 11.
�[0089] Figure 14 illustrates one embodiment of a re-
porting system 77 that may be provided for the interro-
gation reader 20. The interrogation reader 20 may be
coupled to a reporting system 77. This reporting system
77 may be located in close proximity to the interrogation
reader 20, and may be coupled to the interrogation reader
20 by either a wired or wireless connection. The reporting
system 77 may be a user interface or other computer
system that is capable of receiving and/or storing data
communications received from an interrogation reader
20. This information may be any type of information re-
ceived from a wireless communication device 10, includ-
ing but not limited to identification information, tracking
information, and/or environmental information concern-
ing the wireless communication device 10 and/or its sur-
roundings, such as pressure and temperature. The infor-
mation may be used for any purpose. For example, iden-
tification, tracking, temperature, force and/or pressure in-
formation concerning a tyre 50 during its manufacture
may be communicated to the reporting system 77 which
may then be used for tracking, quality control, and supply-
chain management. If the information received by the
reporting system is not normal or proper, the reporting
system 77 may control the manufacturing operations to
stop and/or change processes during manufacture
and/or alert personnel in charge of the manufacturing
process.
�[0090] The reporting system 77 may also communi-
cate information received from the wireless communica-
tion device 10, via the interrogation reader 20, to a remote
system 78 located remotely from the reporting system
77 and/or the interrogation reader 20. The communica-
tion between the reporting system 77 and the remote
system 78 may be through wired communication, wire-
less communication, modem communication or other
networking communication, such as the Internet. Alter-
natively, the interrogation reader 20 may communicate
the information received from the wireless communica-
tion device 10 directly to the remote system 78 rather
than first reporting the information through the reporting
system 77 using the same or similar communication me-
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diums as may be used between the reporting system 77
and the remote system 78.
�[0091] Figure 15 illustrates a method of manufacturing
a wave antenna 17 and assembling of the wave antenna
17 to wireless communication devices 10. The process
involves eight total steps. Each of the steps is labeled in
circled numbers illustrated in Figure 15. The first step of
the process involves passing an antenna 17 conductor
wire or foil through cogs 120 to create the alternating
curves in the antenna conductor 17 to form the wave
antenna 17. The cogs 120 are comprised of a top cog
120A and a bottom cog 120B. The top cog 120A rotates
clockwise, and the bottom cog 120B rotates counter-
clockwise. Each cog 120A, 120B has a periphery such
that each of the cogs 120A, 120B interlock with each
other as they rotate. As the antenna conductor 17 passes
through the cogs 120A, 120B, alternating curved bends
are placed in the antenna conductor 17 to form peaks
121 and valleys 122 in the antenna conductor 17 to form
the wave antenna 17.
�[0092] The second step of the process involves placing
tin solder on portions of the wave antenna 17 so that a
wireless communication device 10 can be soldered and
attached to the wave antenna 17 in a later step. A sol-
dering station 123 is provided and is comprised of a first
tinning position 123A and a second tinning position 123B.
For every predefined portion of the wave antenna 17 that
passes by the soldering station 123, the first tinning po-
sition 123A and second tinning position 123B raise up-
ward to place tin solder on the left side of the peak 124A
and an adjacent right side of the peak 124B so that the
wireless communication device 10 can be soldered to
the wave antenna 17 in the third step of the process.
Please note that the process may also use glue, induction
welding, or other suitable adhesive, instead of solder, to
attach the wireless communication device 10 to the wave
antenna 17.
�[0093] The third step of the process involves attaching
a wireless communication device 10 to the wave antenna
17. A wireless communication device is attached to the
left side of the peak 124A and the right side of the peak
124B at the points of the tin solder. An adhesive 126 is
used to attach the leads or pins (not shown) of the wire-
less communication device 10 to the tin solder, and solder
paste is added to the points where the wireless commu-
nication device 10 attach to the tin solder on the wave
antenna 17 to conductively attach the wireless commu-
nication device 10 to the wave antenna 17. Note that
when the wireless communication device 10 is attached
to the wave antenna 17, the peak remains on the wireless
communication device 10 that causes a short 128 be-
tween the two input ports (not shown) of the wireless
communication device 10 and the two wave antennas 17
coupled to the wireless communication device 10.
�[0094] The fourth step in the process involves passing
the wireless communication device 10 as connected to
the wave antenna 17 through a hot gas re- �flow soldering
process well known to one of ordinary skill in the art to

securely attach the solder between the leads of the wire-
less communication device 10 and the wave antenna 17.
�[0095] The fifth step in the process involves the well-
known process of cleaning away any excess solder that
is unused and left over during the previous soldering.
�[0096] The sixth step in the process involves removing
the short 128 between the two wave antennas 17 left by
the peak 124 of the wave antenna 17 from the third step
in the process. Depending on the type of wireless com-
munication device 10 and its design, the short 128 may
or may not cause the wireless communication device 10
to not properly operate to receive signals and re-�modu-
late response signals. If the wireless communication de-
vice 10 operation is not affected by this short 128, this
step can be skipped in the process.
�[0097] The seventh step in the process involves en-
capsulating the wireless communication device 10. The
wireless communication device 10 is typically in the form
of an RF integrated circuit chip that is encapsulated with
a hardened, non- �conductive material, such as a plastic
or epoxy, to protect the inside components of the chip
from the environment. An additional encapsulating ma-
terial, such as epoxy, may also be added over the bond-
ing points of the wireless communication device 10 to
the wave antenna 17 to add additional mechanical strain
relief.
�[0098] The eighth and last step involves winding wire-
less communication devices 10 as attached on the wave
antenna 17 onto a reel 130. The wireless communication
devices 10 and wave antenna 17 are contained on a strip
since the wave antenna 17 conductor has not been yet
cut. When it is desired to apply the wireless communica-
tion device 10 and attached wave antenna 17 to a good,
object, or article of manufacture, such as a tyre 50, the
wireless communication device 10 and attached wave
antenna 17 can be unwound from the reel 130 and the
wave antenna 17 conductor cut in the middle between
two consecutive wireless communication devices 10 to
form separate wireless communication device 10 and di-
pole wave antenna 17 devices.
�[0099] Please note that there are other methods of
manufacturing the wave antenna 17 including using a
computer numerical controller (CNC) machine. The man-
ufacturing process may be like that of used for making
springs. Also note that the wave antenna 17 discussed
above and illustrated in Figure 15 may be sinusoidal-
shaped, semi-�circle shaped, or may have relatively sharp
bends as in the embodiments of Figures 2A, 2B, 3, 4A-
4C, 5A, 5B, the latter requiring sharper teeth on the cogs
120A, 120B instead of the rounded teeth to produce the
curved bends.
�[0100] Figure 16A illustrates the short 128 left on the
wireless communication device 10 and sinusoidal-
shaped wave antenna 17 as a tuning inductance. Some
UHF wireless communication devices 10 operate best
when a direct current (DC) short, in the form of a tuning
inductance, is present across the wireless communica-
tion device 10 and, therefore, the process of removing
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the short 128 can be omitted. Figure 16A illustrates an
alternative embodiment of the sinusoidal-�shaped wave
antenna 17 and wireless communication device 10 where
an uneven cog 120 has been used in step 1 of the process
illustrated in Figure 15 to produce an extended loop short
128 across the wireless communication device 10. This
gives the required amount of inductance for best opera-
tion of the wireless communication device 10 as the si-
nusoidal-�shaped wave antenna 17 and the short 128 are
in parallel.
�[0101] Figure 16B illustrates an alternative embodi-
ment of Figure 16A, except that the wave antenna 17 is
comprised of sections 21 that are semi- �circle shaped. All
aspects for the sinusoidal-�shaped wave antenna 17 em-
bodiment discussed above and illustrated in Figure 16A
is equally applicable for this embodiment. An embodi-
ment with relatively sharp bends as in the antennas of
Figures 2A and 2B is also of course possible.
�[0102] The embodiments set forth above represent the
necessary information to enable those skilled in the art
to practice the invention and illustrate the best mode of
practicing the invention. Upon reading the preceding de-
scription in light of the accompanying drawing figures,
those skilled in the art will understand the concepts of
the invention and will recognize applications of these con-
cepts not particularly addressed herein. It should be un-
derstood that these concepts and applications fall within
the scope of the disclosure and the accompanying
claims.
�[0103] It should be understood that the present inven-
tion is not limited to applications involving a vehicle tyre.
It should also be understood that the present invention
is not limited to any particular type of component, includ-
ing but not limited to the wireless communication device
10 and its components, the wave antenna 17, the inter-
rogation reader 20 and its components, the pressure sen-
sor 18, the temperature sensor 19, the resonating ring
40, the tyre 50 and its components, the reporting system
77, the remote system 78, the wheel 100 and its compo-
nents, the cogs 120, the soldering station 123, and the
adhesive 124. For the purposes of this application, cou-
ple, coupled, or coupling is defined as either a direct con-
nection or a reactive coupling. Reactive coupling is de-
fined as either capacitive or inductive coupling. The wave
antenna 17 discussed in this application may be sinusoi-
dal- �shaped or semi-�circle shaped.
�[0104] Those skilled in the art will recognize improve-
ments and modifications to the preferred embodiments
of the present invention. All such improvements and mod-
ifications are considered within the scope of the concepts
disclosed herein and the claims that follow.
�[0105] In the following, further embodiments of the in-
vention are explained with the help of the following ex-
amples.

Examples :

�[0106]

1. A wireless communication device, comprising: a
RFID chip; a wave antenna coupled to said RFID
chip; said wave antenna comprised of at least one
conductor that is shaped to form at least two different
sections.

2. A wireless communication device, comprising: a
RFID chip; a wave antenna coupled to said RFID
chip; said wave antenna comprised of at least one
conductor that is bent in at least one position at an
angle less than 180 degrees to form at least two dif-
ferent sections.

3. A device as explained in example 1 or example
2, wherein said wave antenna is comprised from the
group consisting of a monopole wave antenna and
a dipole wave antenna.

4. A device as explained in example 2, wherein said
at least one conductor is comprised out of two sep-
arate conductors that are each bent in at least one
position to form an angle and are each coupled to
said RFID chip to form a wave dipole antenna.

5. A device as explained in any one of examples 1
to 4, wherein said at least one conductor is construct-
ed out of a material comprised from the group con-
sisting of copper, brass, steel, and zinc-�plated steel.

6. A device as explained in example 2, wherein said
at least one conductor is bent in a plurality of posi-
tions to form at least one inflection point and three
or more different sections in said at least one con-
ductor.

7. A device as explained in example 4, wherein said
two separate conductors are bent in a plurality of
positions to form three or more different sections
wherein said two separate conductors each contain
at least one inflection point.

8. A device as explained in any one of examples 1
to 7, wherein said at least one conductor is coated
with a non-�conductive material.

9. A device as explained in any one of examples 1
to 8, wherein said antenna is designed to operate at
a frequency comprised from the group consisting of
around about 915 MHz and around about 2.45 GHz.

10. A device as explained in any one of examples 1
to 9, wherein said at least two different sections com-
prise a first section having a first length to form a first
antenna designed to operate at a first operating fre-
quency and a second section having a second length
to form a second antenna designed to operate at a
second operating frequency.
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11. A device as explained in example 10, wherein
said first section is coupled to said RFID chip, and
said second section is coupled to said first section.

12. A device as explained in example 10 or example
11, wherein said second section is bent into a plu-
rality of subsections each having the same length to
form said second antenna.

13. A device as explained in any one of examples
10 to 12, wherein said first section is bent into a plu-
rality of subsections each having the same length to
form said first antenna.

14. A device as explained in any one of examples
10 to 13, wherein said second section is bent into a
plurality of subsections each having the same length
to form said second antenna.

15. A device as explained in any one of examples 1
to 14, further comprising a resonating ring coupled
to said wave antenna wherein said wave antenna
operates at a first operating frequency and said res-
onating ring forms a second antenna that operates
at a second operating frequency.

16. A device as explained in example 15, wherein
said resonating ring is capacitively coupled to said
wave antenna.

17. A device as explained in example 15 or example
16, wherein said resonating ring is additionally cou-
pled to said RFID chip so that a force placed on said
wave antenna will be placed in whole or in part on
said resonating ring to relieve mechanical stress on
said RFID chip.

18. A device as explained in any one of examples 1
to 17, wherein said different sections are substan-
tially straight.

19. A device as explained in any one of examples 1
to 17, wherein said different sections form a sinusoi-
dal shape.

20. A device as explained in any one of examples 1
to 17, wherein said different sections form a semi-
circular shape.

21. A device as explained in example 1, wherein said
at least one conductor forms a sinusoidal-�shaped
wave antenna, said at least one conductor being
curved in at least one position at an angle less than
180 degrees to form said at least two different sec-
tions.

22. A device as explained in example 1, wherein said
at least one conductor forms a semi-�circle shaped

wave antenna, said at least one conductor being
curved in at least one position at an angle less than
180 degrees to form said at least two different sec-
tions.

23. A device according to example 21 or example
22, wherein the amplitude of said at least one sinu-
soidal-�shaped or semi- �circle shaped conductor is the
same over the entire length of said conductor.

24. A device according to example 21 or example
22, wherein the amplitude of said at least one sinu-
soidal-�shaped or semi- �circle shaped conductor is dif-
ferent in at least two different portions of said con-
ductor.

25. A device as explained in example 21 or example
22, wherein said at least one sinusoidal-�shaped or
semi- �circle shaped conductor is comprised of a first
section having a first length to form a first wave an-
tenna designed to operate at a first operating fre-
quency and a second section having a second length
to form a second wave antenna designed to operate
at a second operating frequency.

26. A device as explained in example 25, wherein
said first section is coupled to said RFID chip, and
said second section is coupled to said first section.

27. A device as explained in example 25 or example
26, wherein said first section has a first amplitude
and said second section has a second amplitude dif-
ferent than said first amplitude.

28. A device as explained in example 21 or example
22, wherein said at least one sinusoidal-�shaped or
semi- �circle shaped conductor is comprised out of a
first sinusoidal-�shaped or semi- �circle shaped con-
ductor and a second sinusoidal- �shaped or semi- �cir-
cle shaped conductor wherein both said first conduc-
tor and a second conductor are coupled to said RFID
chip to form a dipole sinusoidal-�shaped or semi- �cir-
cle shaped wave antenna.

29. A device as explained in example 21 or example
22, wherein said first sinusoidal shaped or semi- �cir-
cle shaped conductor has a first amplitude and said
second section has a second amplitude different
than said first amplitude.

30. A device as explained in example 29, wherein
said first sinusoidal- �shaped or semicircle shaped
conductor has a first length and said second sinu-
soidal-�shaped or semicircle shaped conductor has
a second length different than said first length.

31. A device as explained in example 1, example 21
or example 22, wherein said at least one conductor
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has a peak that is thicker than the other portions of
said at least one conductor to reduce the suscepti-
bility of breakage of said wave antenna.

32. A device as explained in example 1, example 21
or example 22, wherein said at least one conductor
is heated to reduce the stress in said at least one
conductor to reduce the susceptibility of breakage
of said wave antenna.

33. Apparatus, comprising: a wireless communica-
tion device coupled to a wave antenna that operates
at a first operating frequency comprised of at least
one conductor; and a tyre wherein said wireless com-
munication device is mounted to the inside of said
tyre to detect environmental information inside said
tyre and wirelessly communicates the environmental
information.

34. Apparatus as explained in example 33, wherein
said environmental information is comprised from
the group consisting of pressure inside said tyre or
temperature inside said tyre.

35. Apparatus as explained in example 33 or exam-
ple 34, wherein said tyre comprises: an outer sur-
face, comprising: a circular- �shaped tread surface
having a left outer side and a right outer side and an
orifice; and said left outer side and said right outer
side each fold down at an angle substantially per-
pendicular to said tread surface to form a left outer
wall and a right outer wall substantially perpendicular
to said tread surface and to form a left inner wall and
a right inner wall attached substantially perpendicu-
lar to a internal wall on the opposite side of said tread
surface; and wherein said wireless communication
device is attached to a wall inside said tyre comprised
from the group consisting of said left inner wall, said
right inner wall, and said internal wall.

36. Apparatus as explained in any one of examples
33 to 35, wherein said wave antenna expands when
said tyre is placed under pressure.

37. Apparatus as explained in example 36, wherein
said wave antenna operates at a second operating
frequency when said wave antenna expands when
said tyre is placed under pressure.

38. Apparatus as explained in any one of examples
33 to 37, further comprising a resonating ring cou-
pled to said wave antenna wherein said resonating
ring forms a second antenna that operates at a sec-
ond operating frequency.

39. Apparatus as explained in example 38, wherein
said resonating ring is capacitively coupled to said
wave antenna.

40. Apparatus as explained in example 38 or exam-
ple 39, wherein said resonating ring is additionally
coupled to said wireless communication device so
that the pressure placed on said wave antenna when
inside said tyre will be placed in whole or in part on
said resonating ring to relieve mechanical stress on
said wireless communication device.

41. Apparatus as explained in any one of examples
33 to 40, wherein said tread surface is comprised
out of rubber having a thickness wherein said wave
antenna is contained inside said rubber.

42. Apparatus as explained in any one of examples
33 to 40, wherein said tread surface is comprised
out of rubber having a thickness wherein said wire-
less communication device is contained inside said
rubber.

43. Apparatus as explained in any one of examples
33 to 40, wherein said wave antenna is contained
inside said rubber.

44. Apparatus as explained in example 42, wherein
said tread surface contains an inner steel belt inside
said rubber wherein said wave antenna is coupled
to said inner steel belt.

45. Apparatus as explained in example 44, wherein
said coupling of said wave antenna to said inner steel
belt is comprised from the group consisting of direct
coupling, capacitive coupling, and reactive coupling.

46. Apparatus as explained in example 45, wherein
said wave antenna is contained inside said tread sur-
face.

47. Apparatus as explained in example 45 or exam-
ple 46, wherein said wireless communication device
is contained inside said tread surface.

48. Apparatus as explained in example 47, wherein
said wave antenna is contained inside said tread sur-
face.

49. Apparatus as explained in any one of examples
33 to 48, wherein said wireless communication de-
vice is coupled to a pressure sensor contained inside
said tyre that measures the pressure inside said tyre
so that said wireless communication device can wire-
lessly communicate the pressure inside said tyre as
environmental information.

50. Apparatus as explained in any one of examples
33 to 49, wherein said wireless communication de-
vice is coupled to a temperature sensor contained
inside said tyre that measures the temperature inside
said tyre so that said wireless communication device
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can wirelessly communicate the temperature inside
said tyre as environmental information.

51. Apparatus as explained in example 50, wherein
said wireless communication device is also coupled
to a pressure sensor contained inside said tyre that
measures the pressure inside said tyre so that said
wireless communication device can wirelessly com-
municate the pressure and the temperature inside
said tyre as environmental information.

52. A system for wirelessly communicating informa-
tion about a tyre, comprising: an interrogation reader;
a wireless communication device coupled to a wave
antenna that operates at a first frequency and is com-
prised of at least one conductor: and a tyre wherein
said wireless communication device is mounted to
the inside of said tyre to detect environmental infor-
mation inside said tyre and wirelessly communicate
the environmental information to said interrogation
reader.

53. A system as explained in example 52, wherein
said information is environmental information com-
prised from the group consisting of pressure inside
said tyre and temperature inside said tyre.

54. A system as explained in example 52 or example
53, wherein said wave antenna expands when said
tyre is placed under pressure.

55. A system as explained in example 54, wherein
said wave antenna operates at a operating frequen-
cy that is compatible with said interrogation reader
when said wave antenna expands when said tyre is
placed under a threshold pressure.

56. A system as explained in example 54 or example
55, wherein said wave antenna operates at a second
operating frequency when said wave antenna ex-
pands when said tyre is placed under pressure.

57. A system as explained in any one of examples
52 to 56, further comprising a resonating ring cou-
pled to said wave antenna wherein said resonating
ring forms a second antenna that operates at a sec-
ond operating frequency.

58. A system as explained in example 57, wherein
said resonating ring is capacitively coupled to said
wave antenna.

59. A system as explained in example 58, wherein
said resonating ring is additionally coupled to said
wireless communication device so that pressure
placed on said wave antenna when inside said tyre
will be placed in whole or in part on said resonating
ring to relieve mechanical stress on said wireless

communication device.

60. A system as explained in any one of examples
52 to 59, wherein said wireless communication de-
vice is coupled to a pressure sensor contained inside
said tyre that measures the pressure inside said tyre
so that said wireless communication device can wire-
lessly communicate the pressure inside said tyre as
environmental information to said interrogation read-
er.

61. A system as explained in any one of examples
52 to 59, wherein said wireless communication de-
vice is coupled to a temperature sensor contained
inside said tyre that measures the temperature inside
said tyre so that said wireless communication device
can wirelessly communicate the temperature inside
said tyre as environmental information to said inter-
rogation reader.

62. A system as explained in example 61, wherein
said wireless communication device is also coupled
to a pressure sensor contained inside said tyre that
measures the pressure inside said tyre so that said
wireless communication device can wirelessly com-
municate the pressure and the temperature inside
said tyre as environmental information to said inter-
rogation reader.

63. Method for wirelessly communicating with a tyre,
comprising the steps of: placing a wireless commu-
nication device coupled to a wave antenna that op-
erates at a first operating frequency comprised of at
least one conductor inside a tyre; placing an interro-
gation reader proximate to said tyre; and receiving
information wirelessly at a first frequency from said
wireless communication device inside said tyre.

64. A method as explained in example 63, further
comprising the step of sending a wireless commu-
nication to said wireless communication device be-
fore said step of receiving information.

65. A method as explained in example 63 or example
64, wherein said information is comprised of envi-
ronmental information about said tyre.

66. A method as explained in example 65, wherein
said environmental information is comprised from
the group consisting of temperature inside said tyre
and pressure inside said tyre.

67. A method as explained in example 65 or example
66, further comprising the step of sensing the pres-
sure inside said tyre and including the pressure in-
side said tyre in said information.

68. A method as explained in example 65 or example
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66, further comprising the step of sensing the tem-
perature inside said tyre and including the tempera-
ture inside said tyre in said information.

69. A method as explained in any one of examples
63 to 68, further comprising the step of placing said
wave antenna under pressure by placing said tyre
under pressure.

70. A method as explained in example 69, further
comprising the step of receiving information at a sec-
ond frequency through wireless communication from
said wireless communication device when said tyre
is placed under a threshold pressure.

71. A method as explained in any one of examples
63 to 70, further comprising the step of coupling a
resonating ring to said wave antenna to form a sec-
ond antenna that operates at a second frequency.

72. A method as explained in example 71, further
comprising the step of coupling said resonating ring
to said wireless communication device so that pres-
sure placed on said wave antenna when inside said
tyre will be placed in whole or in part on said reso-
nating ring to relieve mechanical stress on said wire-
less communication device.

73. Method of manufacturing a wave antenna, com-
prising the steps of: passing a conducting foil through
a first cog and a second cog having a plurality of
teeth and placed in a vertical plane with respect to
each other wherein said plurality of teeth in said first
cog and said second cog substantially interlock with
each other as said first cog rotates clockwise and
said second cog rotates counterclockwise; and plac-
ing alternating bends in said conducting foil when
said conducting foil is passed through said first cog
and said second cog.

74. Method of manufacturing a wireless communi-
cation device that is coupled to a wave antenna, com-
prising the steps of: passing a conducting foil through
a first cog and a second cog having a plurality of
teeth and placed in a vertical plane with respect to
each other wherein said plurality of teeth in said first
cog and said second cog substantially interlock with
each other as said first cog rotates clockwise and
said second cog rotates counterclockwise; placing
alternating bends in said conducting foil when said
conducting foil passes through said first cog and said
second cogs to form a conducting foil having a plu-
rality of bends that form a plurality of peaks separated
by valleys; and soldering wireless communication
chips individually to each side of one of said plurality
of peaks using solder.

75. A method as explained in example 74, further

comprising the step of tinning each side of said plu-
rality of peaks before said step of soldering.

76. A method as explained in example 74 or example
75, further comprising the step of reflow soldering
said wireless communication chips with hot gas after
said step of soldering.

77. A method as explained in any one of examples
74 to 76, further comprising the step of cleaning away
said excess solder away after said step of soldering.

78. A method as explained in any one of examples
74 to 77, further comprising removing a short formed
across each side of said plurality of peaks after said
step of soldering.

79. A method as explained in any one of examples
74 to 78, further comprising the step of encapsulating
said wireless communication chip after said step of
soldering.

80. A method as explained in any one of examples
74 to 79, further comprising the step of winding said
conductive foil with said wireless communication
chips soldered to said conductive foil onto a reel.

81. A method as explained in example 80, further
comprising the step of cutting said winding of con-
ductive foil said wireless communication chips sol-
dered to said conductive foil to form individual wire-
less communication devices.

82. A method as explained in example 81, further
comprising the step of attaching said individual wire-
less communication devices to tyres.

83. A method as explained in any one of examples
74 to 82, further comprising the steps of: re-�flow sol-
dering said wireless communication chips with hot
gas after said step of soldering; cleaning away said
excess solder away after said step of soldering; and
removing a short formed across each side of said
plurality of peaks after said step of soldering; wherein
said steps of reflow- �soldering, cleaning away, and
removing are performed after said step of soldering.

84. A method of testing a wireless communication
device that is attached to a tyre during the manufac-
ture of the tyre, comprising: attaching a wireless
communication device that is coupled to a wave an-
tenna that operates at a first frequency and is com-
prised of at least one conductor to the inside of a
tyre; pressurizing said tyre; and communicating with
said wireless communication device at the first fre-
quency to determine if said wireless communication
device is operating properly.
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85. A method as explained in example 84, wherein
said step of communicating further comprises com-
municating with said wireless communication device
at the first frequency to obtain the pressure inside
the tyre.

86. A method as explained in example 85, further
comprising comparing the pressure inside the tyre
received from said wireless communication device
to a pressure measurement from a pressure meas-
uring device attached to a needle stem on said tyre.

Claims

1. Method of manufacturing a wave antenna, compris-
ing the steps of: passing a conducting foil through a
first cog and a second cog having a plurality of teeth
and placed in a vertical plane with respect to each
other wherein said plurality of teeth in said first cog
and said second cog substantially interlock with each
other as said first cog rotates clockwise and said
second cog rotates counterclockwise; and placing
alternating bends in said conducting foil when said
conducting foil is passed through said first cog and
said second cog.

2. Method of manufacturing a wireless communication
device that is coupled to a wave antenna, comprising
the steps of: passing a conducting foil through a first
cog and a second cog having a plurality of teeth and
placed in a vertical plane with respect to each other
wherein said plurality of teeth in said first cog and
said second cog substantially interlock with each oth-
er as said first cog rotates clockwise and said second
cog rotates counterclockwise; placing alternating
bends in said conducting foil when said conducting
foil passes through said first cog and said second
cogs to form a conducting foil having a plurality of
bends that form a plurality of peaks separated by
valleys; and soldering wireless communication chips
individually to each side of one of said plurality of
peaks using solder.

3. A method as claimed in Claim 2, further comprising
the step of tinning each side of said plurality of peaks
before said step of soldering.

4. A method as claimed in Claim 2 or Claim 3, further
comprising the step of reflow soldering said wireless
communication chips with hot gas after said step of
soldering.

5. A method as claimed in any one of Claims 2 to 4,
further comprising the step of cleaning away said
excess solder away after said step of soldering.

6. A method as claimed in any one of Claims 2 to 5,

further comprising removing a short formed across
each side of said plurality of peaks after said step of
soldering.

7. A method as claimed in any one of Claims 2 to 6,
further comprising the step of encapsulating said
wireless communication chip after said step of sol-
dering.

8. A method as claimed in any one of Claims 2 to 7,
further comprising the step of winding said conduc-
tive foil with said wireless communication chips sol-
dered to said conductive foil onto a reel.

9. A method as claimed in Claim 8, further comprising
the step of cutting said winding of conductive foil said
wireless communication chips soldered to said con-
ductive foil to form individual wireless communica-
tion devices.

10. A method as claimed in Claim 9, further comprising
the step of attaching said individual wireless com-
munication devices to tyres.

11. A method as claimed in any one of Claims 2 to 10,
further comprising the steps of: re- �flow soldering said
wireless communication chips with hot gas after said
step of soldering; cleaning away said excess solder
away after said step of soldering; and removing a
short formed across each side of said plurality of
peaks after said step of soldering; wherein said steps
of reflow-�soldering, cleaning away, and removing
are performed after said step of soldering.

12. A method as claimed in any of the preceding claims,
wherein the alternating bends or the plurality of
bends in the conducting foil that form the plurality of
peaks separated by valleys are such that the wave
antenna is capable of being stretched and when the
wave antenna is not stretched, the bent sections in
the wave antenna touch each other.

13. A method as claimed in claim 12, wherein the bent
sections effectively act as a regular dipole antenna
or monopole antenna without angled sections when
the wave antenna is not stretched.

14. A method as claimed in claims 12 or 13, wherein a
small change in stretching of the wave antenna has
a large effect on the operating frequency of the wave
antenna.
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